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1. INTRODUCTION

This appenti presents an evaluation of the health risks to the pubtic and occupational workers
associated with the transportation of defueled reactor compartments fio decommissioned U.S.
Navy nuclear-powered cruisers and submarines. It is applicable to the cruisers USS LONG
BEACH (CGN 9), USS B_R~GE (CGN 25), USS TR~~ (CGN 35), the two cruisers of
the USS CALIFORNW Class (CGN 36 and CGN 37), the four cfisers of the USS ~G~W Class
(CGN 38, CGN 39, CGN 40, CGN 41), USS LOS ANGELES Class submarines, and USS OHIO
Class submarines. B_R~GE, TR~~, and CAL~O_ Class cruisers were not
analyzed individufly and are considered to be equivd.ent to ~G~ class cruisers for purposes
of this evaluation due to stiarity of reactor pint design. Shipments from either Puget Sound
Naval Shipyard (PSNS) or Norfok Naval Shipyard (NNSW to either the Hanford disposd site or
Savannah River disposd site are covered. For the shipment of reactor compartments from PSNS
to Hanford, the reactor compartments are assumed to be shipped whole or subdivided into smder
packages. For dl other cases, the reactor compartments are assumed to be subdivided into smder
packages. mole reactor compartment shipments from NNS or to the Savannah River disposd site
are not possible due to physical titations such as the depth of the river md overhead
obstructions due to bridges.

2. SHIPMENTS EVALUATED

The package ori@destination options and the modes of transportation considered for various
package types are summarized in Table E-1.

3. TECHNICAL APPROACH - GENERAL

The general approach taken to evaluate the radiological health risks (i.e., increase in potential of
cancer fatalities) associated tith the transport of the subject reactor compartment packages is
described as fo~ows. First, the radiological risks to the general poptiation, to the transport crew,
and to hypothetical m~um exposed individuals are evaluated for gamma radiation emanating
directly horn the package for normal transport (i.e., incident-free) conditions. Next, the radiological
risks to the general poptiation for accident scenarios resdting in corrosion product release to the
atmosphere are evaluated based on a condition probabfity for occurrence of accidents with
various severity. To upper bound the si~cance of an accident, the radiological consequences
assuming a severe accident has occurred are dso evaluated for hypothetical maximum exposed
individuals and the gener~ poptiation. k conjunction with these incident-free and accident
radiological evaluations, non-radiolo~cd risks to the popdation are presented born causes
associated with vetictiar exhaust emissions and transportation accidents.

3.1 Computer Codes

Several computer codes were used in the analyses. Specficfiy the ~m 4 computer code,
developed by Sandia National Laboratories, was used to cdctiate the radiological risk for both the ‘
incident-free and accident risk scenarios (SNL, 1992 and SNL, 1993). For this evaluation,
WTRAN was determined not to be appropriate for the consequence analyses or assessment of
maximum exposed individuals (~1).

The RIS~ computer code, developed by Argonne National Laboratory, was used to cdcdate
the msximum radiological consequences to the general poptiation and to individuals for
postdated accident condition (ANL, 1993). For this evaluation, RIS~ was determined not to
be appropriate for the risk mdyses aspect or incident-free evaluation.

E-1
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Table E-1 Package OrigitiDestination and Transpofi Mode

ITEM MODE ORIGIN DESTII

Bargd
Package Type Truck Rail Transporter PSNS NNS Hanford

A Whole Reactor ● ● ●

Compartment

B Miscellaneous ● ● ● ●

Components

c Reactor Pressure ● ● ● ●

Vessel

D Steam Generator (a) (b) ● ● ●

E Pressurizer ● ● ● *

I I I I I I 1

a) Steam generators from cruisers assumed to be shipped by truck.
b) Steam generators from submarines assumed to be shipped by rail.

4TION

Savannah
River

●

●

●

Several other codes were used to provide input for the ~TRAN 4 and RIS~ computer codes.
These codes include ~ERLN, ~G~AY, and SPAN 4.

The ~TERL~E computer code, developed by Oak Ridge National (ORNL) Laboratory, was used
to evsduate rd routes for particdar shipments and provides deage and popdation densities in
the md, suburban and urban segments of the route (ORNL, 1993a). ~TERL~E is an
interactive computer program designed to simdate routing using the U.S. rail system. The
~TERL~E code used is the latest avtiable from ORNL and cont~s the 1990 census data.

The ~TERL~ database consists of networks representing various competing rail companies in
the U.S. The routes used in this evaluation use the standard assumptions in the ~TERL~E
model which simdates the selection process that r~oads wodd use to direct shipments of the
items under consideration. The code is updated periodicdy to reflect current track conditions and
has been benchmarked against reported ~eage and observations. ~TERL~ dso provides the

, weighted poptiation densities for rural, suburban, and urban poptiations averaged over dl states
along the shipment route &d the percentage of deage traveled in each popdation density. The
distance traveled, weighted poptiation density, and percentage of distance in each popdation
density are input variables in the -TRAN 4 code.

The HIG~AY computer code dso developed by ORNL, was use to evaluate the truck routes
excluding the partial routes by truck (transporter) for the whole reactor compartment and reactor
pressure vessel (ORNL, 1993b). HIG~AY is an interactive computer code designed to simtiate
routing using the U.S. highway system.

E-2
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The HIGWAY code used in this evaluation is the latest avfiable horn ORNL. The code is
updated periodictiy as new roads are added. The routes used for this study use the standard
assumptions in the highway model. ~G~AY provides the distance between the origin and .
destination, the weighted popdation densities along the routes and the percentage of distance
traveled in each popdation density which are d input variables for the ~ TRAN 4 computer
code.

The SPAN 4 computer code (Bettis, 1972) was used to perform gamma exposure rate cdcdations
for the various shipping containers to assess the effect of increased distance horn the source on
exposure. SPAN 4 is a point kernel code where appropriate exponential kernels are integrated over
a source distribution. SPAN 4 was developed by the Bettis Atomic Power Laboratory specificfiy
for naval spent nuclear fiel and associated reactor components.

3.2 Conversion to Fatali~ Rates

The radiological impacts are first expressed as the cdcdated total effective exposure (person-rem)
for the exposed poptiation, transportation crew, and the maximum exposed inditiduds. The
cdcdated total exposures are then used to estimate the hypothetical health effects, expressed in
terms of esttiated cancer fattities. The heath risk conversion factors used in this evaluation are
taken from the International Commission on Radiologicd Protection (ICRP, 1991) which specfies
0.0005 latent cancer fatfities per rem for members of the pubfic and 0.0004 latent cancer
fattities per rem for workers. These conversion factors assume no radiological threshold occurs.
Therefore, upon interpreting the restits, the risks associated with popdation exposure
(person-rem) and maximum exposed indvidud (rem) are equivalent for equal exposure levels. For
example, the risk associated with 0.1 rem exposure to a popdation of 10 persons (1.0 person-rem)
is eqtivdent to the risk from exposure of 1 rem to 1 individud (1 person-rem).

Non-radiologicd risks related to the transportation of naval reactor compartments are dso
estimated. The non-radiologicd risks are those restiting from vehicle exhaust emission for
incident-free transportation and fattities restiting from transportation accidents for accident risk
assessment. The non-radiologicd risks associated with stipments reqtied to reb empty
containers to the origin are dso included. Risk factors for exhaust emissions and state level
fattity rates (Saricks, 1994, SNL, 1982 and SNL, 1986) are s~arized in Table E-2.
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Table E-2 Fatali~ Rates for Non-Radiological Risks

RAIL TRUCK WATERWAY

Fatalitie*m due to Pollutants
1.3X1O

-7
. ‘1.0 X10-7

0.0

FatalitiesAm due to Accidents in
.2.82 X 10-8 1.47X104

NA
Washington State

FatafitiesAm due to Accidents as a
2.82 X 104 5,82 X 10+

NA
National Average

FatafitiesAm due to Accidents for the NA NA
Pacific Coast

3.2 X 10-9

FatalitiesAm due to Accidents for the NA NA .
Atlantic Coast

3.2 X 10”9

Fatalitietim due to Accidents for the NA NA 7.3 x 109
Inland Wateways

~Not rea~y avdable so national average was used.

4. TECHNICAL APPROACH FOR THE ASSESSMENT OF INCIDENT-FREE TRANSPORTATION

4.1 General Population Exposure and Transportation Crew Exposure

To assess the health risk associated with incident-free transportation of naval reactor
compartments, the ~M 4 computer code was used to cdcdate the external radiological
exposure to the general poptiation and the transportation crew. Exposures received during
incident-free transport are attributed to gamma radiation emanating mairdy from activated
structures (Cobdt-60) with the reactor compartment package.

Included in the WT~ 4 computer code incident-bee risk cdctiations for transport are models
predicting

(1) Exposure to persons within about one-hti de of each side of the transport route (off-link
exposures).

(2) Exposures to persons (e.g., passengers on passing trains or vehicles) sharing the transport
route (on-~ exposures).

(3) Exposures to persons at stops (e.g., residents or rti and truck crew not directly involved
with the shipment).

(4) Exposures to transportation crew members.

The exposures cdcdated for the thee groups, (off-ti, on-~ and crew) were added together to
obtain the general poptiation exposure estimates. On-w was not included in the transporter
stipment of whole reactor compartments and pressure vessels because it is assumed that access
controls to the highway wotid be imposed. .

—
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The exposure cdcdated for the crew was assigned to occupational exposure.

The transportation crew exposure is associated with exposure directly horn the package during
transit andor inspection periods. For truc~transporter shipments, MN assumes crew
exposure is entirely from exposure during the transit period and no inspections occur. For both
waterway and rd shipments, W W assumes crew exposure is from exposure during periods.
of package inspections and negligible during the transit time due to relatively long separation
distances hd massive shielding of intervening structures. This NM model was concluded to
be reasonable for both truck and rfi shipments but not for the treatment of the waterway
shipments of interest.

For reactor compartment waterway shipment MW crew exposure predictions were
concluded not to be applicable since no package inspections are performed (the package is welded
to the barge) and intervening distances during transit is not always sufficient to entirely preclude
crew exposure. Therefore, reasonable conservative hand cdctiations were performed to account for
waterway crew exposures during transit using equivalent point source forrntias (sMar to the
first formda presented in Section 5.2.) together tith the data presented in Table E-7.

4.2 Maximum Exposed Individuals

To estimate the maximum radiological exposure to occupational and non-occupational individuals
during routine transport of reactor compartments, various scenarios were hypothesized.

For exposure to the gener~ pop~ation d*g r~ sfipments, thee scen~os were ass~ed: .

(1) A rfi yard worker who was assumed to be working at a distance of ten meters horn the
package for two hours.

(2) A resident who was assumed to five 30 meters horn the rd be w~e the package was
being tr=sported.

(3) A resident who was assumed to be fiving 200 meters
compartment package was sitting for 20 hours.

The maximum occupational exposure during rd shipments
from inspections of the package as cdcdated by MU.

horn a rfi stop

was assumed to

where the reactor

be that occurring

For truck shipments, the maximum exposed tidividud (general popdation) was hypothesized to
be:

(1) A person who is caught in trtic and located 1.0 meters away horn the reactor
compartment package for one hti hour.

(2) A resident assumed to be tiving 30 meters horn the highway wtie the package was being
transported.

(3) ,A service station worker who was assumed to be working at a distance of 20 meters from
the package for 2 hours.
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The maximum exposed occupational worker was assumed to be the driver of the truck as
cdcdated in MTW.

For the waterway shpments, the scenarios for the maximum exposed inditidud were:

(1) A bridge workman located 10 meters above the centerbe of the package for 2 hours while
stopped, and

(2) a motorist is disabled on a bridge above the water route during the total time the package
is being transported and is positioned a distance above the water route equivalent to the package
radius plus 10 meters.

The maximum exposed occupational worker was assumed to be a ship crew member during
transit.

For predicting radiological exposure to persons at a fied distance (the maximum exposed
individud) born the package during a stop, the fo~owing formtia was used.

Exposures to a person at a fixed distance horn the container:

E = TxKx T~2 Formda (1).

where:

E = exposure
T= total exposure time
K= stipment etiernd dose rate to exposure conversion factor based on

package size
TI = shipment efiernd dose rate at one meter horn the package surface
D= average distance from centertie of container to exposed person

The mtium exposed individud is assumed to be the same individud for d shipments of the
same type.

Exposure to individuals at a fied distance horn the transport route was cdcdated using the
fo~owing formtia for a moving radiation source travetig with a fied velocity, V. Ml other terms
are the same as described for Formtia (l).

E = (mx Kx~)/Wx D) Fomda (2)

5. TECHNICAL APPROACH FOR POSTULATED ACCIDENTS

5.1 General Population and Risk

The ~TW 4 computer code was used to cdctiate the radiological risk to the general
poptiation under accident conditions. The MTW 4 computer code evaluates six pathways for
radiation exposures resdting from an accident. The six evaluated pathways are:

(1) Direct radiation exposure from the damaged package.

(2) Inhalation exposure horn the plume of radioactive material released from the damaged
package.

(3) Direct radiation exposure from immersion (cloudsWe) in the plume of radioactive material
released from the damaged package.
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(4) Direct radiation exposure horn ground deposition of the radioactive material released from
the damaged package.

(5) Inhalation exposure from resuspension of the radioactive material deposited on the ground.

(6) Ingestion exposure horn food products grown on the sofi contaminated by ~omd deposition
of radioactive material released from the damaged package.

For each pathway a specfic formtia is used to determine an estimate of the radiological exposure
from that partictiar pathway with the total radiation exposure equal to the sum of the exposure
for each pathway. The internal pathways (tidation and ingestion) exposures are based on a
committed effective dose to the body over a 50-ye= petiod. The total accident radiation exposure ~
accounts for the probabfity f an accident occurring and the probabfity of a accident of a particdar
severity. The general equation for the popdation risk from ~ pathways is:

DR = 2C,=LCP=X ~ij,k (Pj X RFj x Dij,k)

where:

DR = popdation exposure risk from the accident
LC = shipment distance (Table E-3)
Pt : probabfity of trtic accidents per unit distance (Accident

Probabfities, Table E-8)
P, = probabfity of accident severity category (Severity Fractions,

Table E-9)
RFj ~ = fraction of curies released from shipping container by severity

category j (Corrosion Product Release Fractions, Table E-10)
Di~,k = radiation exposure commitment restiting from accident severity

category j through pathway i in poptiation density zone k.

Because it is impossible to predict the specfic location of a transportation accident, neutral
weather conditions (Pasqti Stabfity Class D) were assumed (Pasqd, 1974). Since neutral
meteorological conditions are the most frequently occurring atmospheric conditions in the United “
States; these conditions are most Wely to be present in the event of a transportation accident.

5.2 Maximum Consequence to Individual and Population

In addition to the estimation of the accident risk described above, the accident consequence was
evaluated assuming m accident of the highest severity occurs. me consequence, expressed as
radiological exposure, is cdcdated for the mtium exposed individud (~1) tid the general
poptiation. Exposures to the general poptiation are cdcdated for each of the three poptiation
density regions (rural, suburban, and urban) over a 50-de radius.

A fraction of the total corrosion product tiventory in the package can be released to the
atmosphere assuming a severe accident occurs. This release fraction was conservatively estimated
to be 32% to 40% for whole reactor compartment shipments and varying amounts for subdivided
shipments and was used in the consequence and risk analysis.

The RIS~ computer code, mowed to accept the inventory associated with naval reactor
compartment corrosion products was used to cdtiate the exposure. The pathways evaluated by
RIS~ for the general poptiation are identicd to those used in the RADW 4 computer code
for the risk evaluation.

.
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The MEI exposure includes the contributions from inhalation, groundshine and cloudshine. No
food ingestion pathway to an individud is considered because it was assumed that radioactive
contamination from plausible accidents wotid be cleaned up promptly and, therefore wotid not
enter the food chain. Direct radiation exposure horn the damaged package to the MEI and
maximum exposed poptiation wotid be less that 0.170 of the exposure from inhalation,
~oundshine, and cloudshine which wodd occur at 160m to 400m horn the package. It was
assumed that the MEI wodd be exposed unshielded during the passage of the plume of radioactive
material released from the accident under worst (stable) atmosphere conditions.

Remedid actions fo~owing an accident wodd significantly reduce the consequences of an accident;
however, no credit was taken in the risk or maximum consequence evaluations.

5.2.1 Probabili~ Cutoff Criterion. Consistent tith the U.S. Department of Energy’s, Office of
Environmental Management and Idaho National Engineering Laboratory, Environmental Waste
Management Progrms Entionmentd hpact Statement (DOE, 1995), a conservative severe
accident probabfity cutoff criterion of one in ten-won (1x 10-7)was selected for excluding
improbable accidents from the maximum consequence evaluation.

To ,determine the overd severe accident probabfity, the probabfity of an accident times the
severity fraction times the fraction of travel in each popdation area times the probability of the
meteorological conditions was cdctiated.

The probabfity of the accident per year was cdcdated by mtitiplying the accident probability
rates times the distance traveled k each state times the maximum number of shipments per year.
The number of stipments per year was conservatively assumed to be 8 complete reactor
compartment shipments (except 2 for the LONG BEACH) for purposes of determining this cutoff
probabfity. This was done for each combination of origin and destination and ship class.

To cdcdate the probabfity of the meteorological conditions, the established criteria for assigning
atmospheric stabfity classes (Pasqd, 1974) was used. Pasqfl Class D was considered to be
equivalent to 50~ometeorolo~, that is 5070 of the time conditions are expected to be more severe,
and 50~0of the time conditions are expected to be less severe. Pasqti Class F was considered to
be equivalent to 95% meteorology; that is 5% of the time it is more severe and 95% of the time it is
less severe. Analyses performed by the National Oceanic and Atmospheric Administration (NOM,
1976) confirm that this assumption is reasonable.

Upon comparing the resdtant probabfities to the 1 x 10-7 per year criterion, the most severe
atmospheric (Pasqd Class F) resdts were presented if warranted by the cut-off. If the
probabfity was less than the 1 x 10-7 cutoff, the consequences resdting from release of 1% of the
corrosion products (Pasqfl Class D) wodd be presented at the minimum. This later case never
occurred. This method of determiningg the atmospheric condition and corresponding release
fraction is consistent with the U.S. Department of Ener@s, Office of Environmental Management
and Idtio National Engineering Laboratory, Entionmentd Waste Management Programs
Environmental Impact Statement (DOE, 1995).

E-8
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6. ROUTING ANALYSIS

In order to assess the rafiologicd risk associated with transportation, it was necessary to
determine route characteristics based on the origin and destination of each shipment as we~ as
the method of shipment. ‘

For naval reactor compartment shipments, the origin is the shipyard location where the reactor
compartment has been removed form the ship. In this analysis, the two possible points of origin
are Puget Sound Naval Shipyard (PSNS) and Norfok Naval Shipyard (NNSW. The destination is
one of two burial sites, the Savannah River Site or the Hanford Site.

The method of shipment for each package type is shown in Table E-1. For the large packages
(whole reactor compartments and reactor pressure vessels), the package is transported via barge
over an ocean leg and a river leg, and then via transporter for land transport. The estimated
mileage for each part of the shipment of the large packages is given in Table E-3

For the rd and truck shipment of the subdivided reactor
HIG~AY were used to generate routing data.

7. INPUT PARAMETERS AND ASSUMPTIONS

compartment, ~TERL~E and

The major input parameters and assumptions used to evaluate the radiological risks associated
with the stipments identfied & Table E-1 are provided in this section. A number of the input
parameters were developed for these partidar stipments w~e others are standard WTRAN 4
computer code values. The standard UTRAN 4 defadt values are provided in Table E-4.
Exceptions to the defadt values are identified in Table E-4 and &her discussed below. These are
representative values for purposes of evaluation and may vary ti actual practice.

Table E-3 Distance (km) for the Transpotiation of Large Packages

OCEAN BARGE RIVER BARGE TRANSPORTER

PSNS Sound & Strait 241 Vancouver to Port of Port of Benton to Site
to Ocean 261 Benton

Hanford River 166
TOTAL 668 386 42

PSNS Sound &Strait 241 Savannah to Barge Wharf Barge Whati to Site
Ocean 12,260

Savan;h River Panama Canal 82
Savannah River o
TOTAL 12,583 253 16

NNS to Hanford Elizabeth River 48 Vancouver to Port of Port of Benton to Site
Ocean 12,884 Benton
Panama Canal 82
Columbia River 166
TOTAL 13,180 386 42

NNS Elizabeth River 48 Savannah to Barge Wharf Barge Wharf to Site
to Ocean 885

Savannah River Savannah River o
TOTAL 933 253 16

E-9

—.



7.1 Incident-Free Transportation

This section provides the input parameters and assumptions used to determine the radiological
tipacts associated with routine, incident-free (i.e., no accident) transportation of dl of the package
t~es under consideration.

7.1.1 Planned Shipments. Table E-5A protides a fist of whole reactor compliment shipments
(estimated size and estimated number of packages) that are possible from PSNS to the Hanford
Site. Table E-5B protides a summ~ of shipments for the subdivided alternative horn either of
the two origins and to either of the two proposed destinations (estimated size and estimated
number of packages).

Table E-4 Default Values for RADTRAN 4 Input Parameters

RADTRAN 4 Input Parameter Truck Rail Barge

Fraction of Travel in Rural Zone 0.90 0.90 0.90

Fraction of Travel in Suburban Zone 0.05 0.05 0.09

Fraction of Travel in Urban Zone 0.05 0.05 0,01

Velocity in Rural Zone (ktir) 88.49 64.37 16.09.

Velocity in Suburban Zone (kmhr) 40.25 40,25 8,06’

Velocity in Urban Zone (ktihr) 24.16 24.16 3.2*

Number of Crew on Shipment 2.00 5.00 2.00.

Average Distance from Radiation Source to Crew During 3.10 152.40 45.70’
Shipment (meters)
Number of handtings per shipment 0.0 2.00’ 2,00’

Stop Time for Shipment (hrAm) 0.011 0.033 0,01’
Minimum stop time per trip (hr) 0.0 10.00 1O.00*

Distance Independent Stop Time per Trip (hr) 0.0 60,0 0,0

Minimum number of Rail Inspections or Classifications 0.0 2.00 0.0

Number of Persons Exposed Duting Stop 50.0 100.0 50.0

Average Exposure Distance When Stopped (meters) 20.0 20.0 50,0

Storage Time per Shipment (hr) O.0* 4.00’ 24.OW

Number of Persons exposed Durinq Storage 100.O* 100.04 100.O’

Average Exposure Distance During Storage (Meters) 100.O* 100.00. 100,00.

Number of Persons per Vehicle Sharing the Transport Link 2.0 3.00 0.0

Fraction of Urban Travel Durfnq Rush Hour 0.08 0.0 0.0

Fraction of Utian Travel on ~ty Streets 0.05 1,0 0.0

Fraction of Rural and Urban Travel on Freeways 0.85 0.0 0.0

One-Way Traffic Count in Rural Zones 470.00 1,00 0.0

On&Way Traffic Count in Suburban Zones 780.00 5.00 0.0

One-Way Traffic Count in Urban Zones 2,800 5.00 0,0

● Default values not used.

Table E-5A Package Data for Whole Reactor Compartments

Package LA OHIO VIRGINIA LONG BEACH
Type Class Class Class Class

Whole Reactor 42’ long x= diam 55’ long x 4Z diam 37’ high x31’ diam 37’ x 38’ x 42’
Compatiment da
ocean barge, river
barge, and 62 pkgs 18 pkgs 16 pkgs 2 pkgs
transporter

E-10

—



7.1.2 Package Size. The package sizes used in ~N 4 are shown in Table E-6. The
reasonabfity of the package sizes selected for this evaluation were co-ed using an
independent computer code (SPM4) having the expficit package dimensions modeled to cdcdate
radiation levels. The SP~4 cdctiated dose ffloff was compared to that produced using
WT~ 4 to CO* the reasonabfity on the package size input to ~m 4.

7.1.3 Shipment External Dose Rate. The maximum gamma radiation level measured at one meter
from the surface of the package is directly proportional to the incident-free predicted exposure.
For the subdivided alternative, the shipment external dose rate was assmed to be 2.0 mreti
which is consistent with conservatism achieved in design practice. For shipment of whole reactor
compartments, the shipment external dose rate was assumed to be 2.8 mreti based on
historical data.

Table E-5B Packages Data for Subdivided Reactor Compartments

Package
Type

Mist Components
via Tmck

Reactor Pressure
Vessels

via Barge

Steam Generators
via
Rail

Steam Generators
via Truck

Pressurize=
via Rail

Total Number of
Packages

LA OHIO VIRGINIA
Class Class Class

8’x1 O’X40 81X1O’X40 8:X10x40

21’ long x 11’ diam 20 lon9 x lS tiam 26’ long x 12’ diam

14’X7’X19’ 16XWX21 ‘ NA

NA NA 23’ long x 5’ diam

23’ long x 7’ diam 2S long x T diam 2S long x S diam

I ,

854 444 196

7
. LONG B=CH

Class
8’xIOX40’

7
NA

2S long x 7’ diam .

7.1.4 Transportation Distance and Population Densities. Section 7 provided a description of the
general methodology used for determiningg transportation distances and the poptiation densities
along the transportation routes. In the analysis done.for the U.S. Department of Ener~s, Office of
Environmental Management and Idaho National Engineering Laboratory, Entionmentd Waste
Management Programs Enviromentd impact Statement (DOE, 1995), historical data were
obtained on the distance traveled for shipments born the shipyards and prototype sites to the
Expended Core Facfity at the Idaho National Engineering laboratory. These data were averaged .
by origin and compared to the value cdcdated by ~ERL~. The actual data were
approximately ll~o higher than the distance predicted by ~TERL~ on average. Therefore,
consistent with the Environmental Waste Management Programs Environmental hpact
Statement (DOE, 1995), ~TERLM distances in each poptiations density were increased by
11%.

E-n
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Table E-6 Effective Diameter/Package Size for RADTRAN 4

Package LA . OHIO VIRGINIA LONG BEACH
Type Class Class Class Class

Whole Reactor 10.0 m 12.8 m 9.4 m 11.3m
timpatiment

Miscellaneous 3.0 m 3.0 m 3.0 m 3.0 m
Components

Reactor 3.4 m 4.6 m 3.7 m 4,6 m
Pressure Vessel

Steam Generator 2.1 m 2.4 m 1.5m l,8m

Pressurizer 2.1 m 2.1 m 1.5m 2,1 m

Simflarly historical data for Navy shipments indicates that the distance traveled for highway
shipment is typicdy 3% greater than that predicted by HIG~AY. Therefore, the percentage of
distance traveled in each poptiation density cdtiated in ~GWAY were inweased by 3%.

7.1.5 Radiation Exposure Decreased Due to Distance. The~= 4 computer code cdcdates
the gamma and neutron radiation exposure decrease based on distance from the package and
package size. (Neutron cdctiations do not apply for defieled reactor compartment shipments
because there is no neutron source.) For gamma radiation, the WTH 4 computer code
distance f~off cdctiations was consistent with the f~off predicted by SPAN 4 in free space.

7.1.6 Shipment Storage Time. Shipments of naval radioactive material wodd not be stored while
in the process of being shippe~ therefore there was no shipment storage time associated with any
of the shipments.

7.2 Train Shipments

7.2.1 Train Veloci~. The MW 4 computer code provides standard values for train speeds
that are dependent on the popdation density These defatit values were appfied to the shipment
of the smder packages.

7.2.2 Train Stop Time. The ~-4 computer code provides standard values for train stop
times that were used in this evaluation.

7.2.3 Number of Train Crew Members. The ~- 4 computer code value for the number of
train crew members is five. Mthough the items wodd be radioactive, they wotid not contain spent
fuel and wodd not be considered to be a special shipment therefore, the defadt value for the train
crew is considered to be adequate. In the ~= 4 computer code, exposure to the crew is not
cdctiated.

7.2.4 Train Stop Shield Factors. For train stops, the standard WW 4 computer code gamma
shield factor is 0.1. This value assumes the presence of substantial rd yard structures equivalent
to approximately four inches of steel. Four inches of steel reduces g~a radiation exposure by
more than a factor often. Therefore, a shield factor of 0.1 is considered to be reasonable.
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7.2.5 Distance from the Source to the Crew. The Mm 4 defadt of 152.4 meters was used for
train shipments.

7.3 Truck and Transporter Shipments

7.3.1 Truck Velocity. For truck stipments, the MW 4 defatits were used in d three ‘

popdation density zones. For the transporter segment of large package shipment, the velocities
are summarized in Table E-7.

7.3.2 Truck Transportation Crew. The UTH 4 computer code defatit values for the truck crew
were used for the truck stipments for the smder packages. For the larger packages (whole
reactor compartment or reactor vessel pressure vessel), the number of persons to be included in
the transporter transportation crew is summarized in Table E-7.

7.3.3 Number of Truck Inspection Inspections. The shipments are inspected prior to leaving the

shipyard. Otherwise; it is assumed that there are no tispections during transport.

7.3.4 Truck Stop Time. The W-4 defatit values for the truck stop times were used for the
evaluation of the sm~er packages. For the shipment of the whole reactor compartments and
reactor pressure vessels, the transporter stop time is summarized in Table E-7..

7.3.5 Distance from the Source to the Crew. The crew is assumed to be located 3.1 meters from the
outside of the packages for the truck and the transporter.

7.4 Waterway Shipments

The standard W W values for waterway (i.e., barge) shipments were replaced
in Table E-7 as discussed below.

Table E-7 RADTRAN 4 Parameters for Wateway Sh

Input
Parameter

VeIoci~ for rural areas

Veloci~ for suburban areas

VelociW for urban areas

Stop and storage time

Distance from the outside of the
package to the crew

Number of crew members

●RADTRAN 4 default

Ocean
Barge

12.8 ktir

12.8 ktir

12.8 k~r

2.3 hours

a) through the sound, the
strait and the ocean, 221
meters

b) through the mouth of
the Columbia River, 51
meters

6

River
Barge

13.1 ktir

13.1 Wr

13.1 ~r

29.0 hours

21 meters

12

~ments

by the values

Transporter

8 Mr

8 Wr

2.0 hours

3.1 meters*

4
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7.4.1 Barge Transportation Crew. The barge transportation crew numbers (ocean and river) are
summarized in Table E-7. These crew members are actudy not for the barge but occupy the
tugboat.

7.4.2 ,Barge Stop Time. Barge stop times are summarized in Table E-7. The stop time for the
river barge includes the time required to pass through the locks on the Columbia River for
transport to the Hdord Site and the time to transfer the package from the barge to the
transporter.

7.4.3 Barge Veloci~. The barge velocity for rural, suburban and urban poptiation zones are
summarized in Table E-7.

7.4.4 Barge Distance from the Shore. WTRAN 4 assumes a distance of 200 meters from the
barge to the shore. For river transport, this is considered to be adequate. However, the ocean
barge wodd be from 5 to 15 nautical ties offshore during the ocean leg of the transport of the
large packages, resdting in off-~ incident-free poptiation exposure of zero for that link. An
independent analysis that included an evaluation of popdation exposure at long distances
confirms this conclusion. Therefore, for the portion of the route where the barge is in the ocean
(versus the sound, the strait or the river) off-~ exposure is considered to be zero.

7.4.5 Distance from the Source to the Crew. For the transport of the barge with an ocean tugboat
through the somd, the strait, and the ocean, the distance is 221 meters; for the transport of the
barge with an ocean tugboat through the mouth of the river, 51 meters, and for the transport of
the barge up the river using a river tugboat, 21 meters, This summarized in Table E-7. These
distances were used in estimating exposure to crew members during shipment.

7.4.6 Shield Factor. A shield factor of 0.5 was appEed to accomt for structural b~eads between
the crew and the package dtig transport.

7.5 Other Standard RADTRAN 4 Computer Code Values Used

The fo~owing standard WT~ 4 computer code values were reviewed and were determined to
reflect the best estimate of current practices:

(1) Number of people per vehicle sharing the transport route (on-~).

(2) Trfic count passing a specific point - rural, suburban and urban zones.

(3) Average exposure distance when stopped.

(4) Persons exposed when stopped.

(5) Fraction of travel during rush hour, on city streets, and on freeways.

7.6 Exposure to Handlers

Handers are defined to include W workers tivolved in the transfer of packages from one mode or
. location to another. Exposure to han~ers is not included in this evaluation.

7.7 Accident Model for Transpofiation of Naval Reactor Compartments

This section provides the input parameters and assumptions used to determine the radiological
impact for postdated accidents dtig transportation of the reactor compartments. The planned
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shipments, transportation distances, poptiation densities, and the percentages of travel in each
poptiation density described in Section 7.1 were used in the accident analysis. Udess otherwise
described in this section, the standard values provided by the RADTRAN 4 and RIS_
computer codes were used.

7.7.1 Accident Probability. The probabfity of an accident by transportation mode was obtained
horn a report submitted to the U.S. Department of Ener@s Reactor Technology and
fiansportation Division (Sticks, 1994). For the shipments from PSNS to Hanford, accident rates
for the States of Washington were used. Otherwise, the U.S. averages were employed. The
employed accident probabfities are presented in Table E-8 and are the same for rural, submban,
and urban areas except as noted.

The truck accident rates for shipments from PSNS to Hanford are best estimate rates based on the
State of Washington Federd-Aided hterstate Urban and Rural accident rates (FM-U and FM-R)
provided in the report (Sticks, 1994). Use of this state-specfic FM data is considered consistent
with the ~G~AY routing analysis which showed interstate to be the primary highway traveled
from Bremerton to Hanford. For fl other destinatiotiorigin combinations, the truck accident
rates are based on the national average Federd-Aided -ary (FN) highway accident rates
provided in the report (Sticks, 1994). This simp~ed treatment of combining statewise accident
rates and ensured a conservative model (FAP national rates are about 10~0to 6070 greater than
corresponding FN-R and FM-U national rates).

Table E-8 Accident Probabilities
Transport National Average Washington State

Mode Probability Probability
(Accldentsh) (Accldent*m)

Truck 3.94 x 10-7 2.50 x 10-7 (Rural)

1.61 x 10-7 (Utian)

1.61 x 10-7 (Suburban)

Rail 5.57 xl W8 3.49 x 1V8

Pactiic Ocean 1.7 X1 O-6 Same as nationalaverage

Atlantic Ocean 5.46 x 10-6 NA

Inland Watemays 3.82 X 1~6 . Same as national average

7.7.2 Severity Fractions. Accidents in which a shipment is subjected to various degrees of forces
are assigned to an accident severity fraction category. In order to cdtiate the probabfity of a
severe accident, the accident probabfity is mtitipfied by the severity fraction.

For purposes of determining the accident severity probabfity for reactor compartment shipments,
a two category scheme was used. Category I appfies to the probabfity of accidents wtich do not
exceed the 10CFR71 tits and Category H appfies to those which have a probabfity of severe
accidents exceeding the tits with subsequent. corrosion product release.

E-15



For the rail and truck shipments, the employed accident severity probabilities are same as those
used for the ~epartment of Energy Programmatic Spent Nuclear Fuel Management and Idaho
National Engineering Laboratory Environmental Restoration and Waste Management Programs
Find Environmental Impact Statementn (DOE, 1995) for corrosion products release. That study
conservatively identifies that for truck and rd accidents, a 99.4~o probabfity exists for accident
conditions. that do not exceed the 10CFR71 criteria (i.e., category I). The remaining 0.790 and

‘ 0.6% are the Category H severe accident probabfities which restit in release of corrosion products.
DOE, 1995 dso identfies a third category where there is a corrosion product release and fission
product release. For these reactor compartments there is no fission product source or release and
therefore a two-category release scheme for corrosion products is appropriate.

For the barge shipments a 99.65% probabtity of an accident not exceeding 10CFR71 was assumed
for this evaluation. This is based on the values presented in Table 5-7 of the Wind Environmental
Statement on the fiansportation of Radioactive Material by Air and Other Modesn (NRC, 1977) for
the sum of minor and moderate accident severity fractions. The source document (NRC, 1977)
identifies 99.65qo of W waterway accidents are minor or moderate type with release levels
depending on container strength. However, evidence obtained ~er publication of the source
document (NRC, 1977) and presented in a U.S. Department of Energy Environmental Assessment
(DOE, 1994a) showed that no release can ‘occur for be B packages for these types of accidents,
This 99.65% probabfity is dso consistent with the U.S. Department of Ener@s En*onmental
Assessment (DOE, 1994a) which employs 99.7% to be the Category I non-release probability for
maritime shipments.

The over~ resdting severity fractions that were use in the analyses are summarized in Table
E-9.

Table E-9 Accident Severi~ Fractions

TrucWransporter
Categov Shipments Rail Shipments Barge Shipments

1 0.9940 0.9940 0.9965

II 0.0060 0.0060 0,0035 .

As stated above, the product of the accident probabfity and the severity &action gives the severe
accident probabfity. For barge shipments along the Pacfic Coast and Atlantic Coast the severe
accident probab~ty per distance traveled is 5.95 x 10-gh (i.e., 1.704x 10-6 accidents x 0.35 x
10-2 severity fraction) and 1.9 x 10-8h, respectively These values are reasonably conservative
when compared the severe accident in domestic waterborne barge probabfities presented in an
Atomic Energy Commission survey of radioactive material transportation (AEC, 1972)(i.e., 1.9 x
lo-gb).

7.7.3 Package Release Fractions. The release fraction represents the fraction of the corrosion
product inventory in the package that wotid be released into the atmosphere for a severe accident.
The corrosion product release model accounts for ~ activated corrosion products which adhered to
dl wetted surfaces inside the reactor vessel and coolant system over plant ,Me. Additiondly, the
corrosion products in the purification system components were assumed to be part of the reactor
compartment shipment. Most of the corrosion product is strongly adherent and ody a small
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fraction wodd refistictiy be released if a severe accident were to occur. h developing a model
the activity released for a severe accident, it was conse~atively ass~ed that 50~0Ofthe 100se.
activity in the steam generators, and 107oof the loose activity in W other components (except
purification filters and ion exchangers) are released horn the package. The amount of loose

of

actitity is assumed to be 33~0of the total corrosion product activity for d components based on an
upper Emit estimate from oxide ~ analysis of surveflance coupons horn the S3G prototype
reactor coolant system. The corrosion products released from the p-cation components were
conservatively assumed to be 1007oof the tot~ avdable in the resin bed during shipment. This
over~ approach was derived from the model presented in ‘Pind EIS on the Disposal of Defueled
Naval Submarine Reactor Plants, Vol. 1, 1984” mSN, 1984). Application of this model resdts in
about 3290to 4070release of the comosion products from a whole reactor compartment for use in a
severe accident scenario.

The severe accident release fractions employed in this evaluation by component are summarized in
Table E-10. The corresponding whole reactor release fractions restiting from applying the Table
E-10 values are 0.38.0.32, 0.36 and 0.40 for the LOS ANGELES, ~G~, 0~0, and LONG
BEACH class ships, respectively.

7.7.4 Corrosion Product Activi~. The corrosion product activities employed in the accident
analyses were derived based on formdas that predict corrosion product deposition levels horn
reactor plant pipewfl dose rate measurements with Cobdt-60 being the dominant radioisotope
(Cobdt-60 contributes over 95% to the accident total exposure levels). The corrosion product
activity estimates were cdctiated for the earfiest time Aer reactor compartment shutdown for
which disposd shipment cotid occur. The activities used in the risk analyses are projected
end-of-~e plant values based on the average over d ships of the same class with the fist reactor
core installed except for the USS LONG BEACH which is based on the last core. In the
consequences analyses, the highest projected activity (peak) of M ships in the same class was
used.

Table E-1 O Corrosion Product Release Fractions

Catego~ Truck Rail Barge

I I

t
I 0.0 0.0 0.0

1 I I

Mist II 0.033 NA 0.033

Resin II 1.0 NA 1.0

Reactor 0.033 NA 0.033
Pressure Vessel II

I I I

t Steam Generator II 0.167 0.167 0.167

Pressurizer II NA 0.033 0.033

1 I I I
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7.7.5 Plume Release Height. For the accident risk assessment, a ground level release was used in
the ~TRAN 4 model. For the mtium consequence assessment, a plume release height of ten
meters was used in the RIS~ model.

7.7.6 Direct Exposure from a Damaged Package. The radiation level fo~owing an accident was
assumed to be at the 10CFR71 re~atory tit of one rem at one meter from the component
surface.

7.7.7 Food Transfer Factors. The food transfer factors for the RADTRAN 4 assessment were
developed using the same method as the “Entionmentd impact Statement on Environmental
Restoration and Waste Management Activities at the Idaho National Engineering Laborato&
(DOE, 1995). For stipments from PSNS to Hanford, the Washington State food transfer factors
were used. For ~ other shipments, the food transfer factors were those that represented the U.S.
average.

7.7.8 Distance from the Accident Scene to the Maximum Exposed Individual. An assumption was
made that the maximum exposed individud wodd be unshielded for the time that the plume
passes by. The location of maximum exposure was dso assumed to be at the location for which
maximum exposure wotid occur (160 m to 400 m from the accident site). This location was
determined using RIS~ based on the assumed atmospheric stabfity and plume release height.

7.7.9 RISKIND Population Densi~. The standard national average for each popdation density
horn the R~TM 4 computer code was used for the RIS~ maximum consequence
assessment.’ The assessment considers the popdation within 80 km (50 ales) of the site under
both neutral and stable weather conditions. The popdation ranged from 1.5 Won (urban) to
2,600 (rural).

8. SUMMARY OF RESULTS

The restits of the evaluation for shipment of 100 reactor compartments are summarized h Table
E-n. Under incident-free conditions the whole reactor compartment shipment from PSNS is
expected to have a lower risk of cancer fattities than the subdivided alternative for any other
ori~destination combination. Furthermore, the predicted health risk for incident-free shipments
is greater than the predicted health risk due to an accident during shipment. This is because there
is a low probabfity of a severe accident for the various transportation modes of interest. The
health risk in the event that an accident does occur is evaluated as the maximum consequence to
an. individud and to the general pubfic in md, suburban, and urban poptiation zones and is
discussed separately

The maximum consequences of an accident assuming a severe accident occurs have been
evaluated for whole reactor compartment shipment and the subdivision alternative. The results
are tabtiated in Table E-12. Accident resdts are presented for both the maximally exposed
individud and the general popdation. The transportation crew is considered to be part of the
general poptiation under accident conditions, so a member of the transportation crew codd be the
m~~y exposed individud.
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Table E-12 Summay of Maximum Consequences Assuming an Accident Occurs

I II Maximum -posed
Indhldusl
(RisMnd) II I Suburban

(RlsMnd)

~t”l”
II I

CollectiveI Collective I

Whole

Reactor

Compatiment M 441M@ ‘M”’ 506x1@ ‘=

Subdivided

Reactor 9.nxl&l 4.a6titi l.mxl@ a~xl W2 131xl@ 9SX1W1

Compartment

Urban
(Rlaklnd)

+

Collective

Dose Cancer

erson-rem Fatatitiaa

8.16xl@ 4.0s

l.osxl@ I 5.14

.
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